Abstract
Introduction
Since Hardin (1968) we know that people facing a common do not have the correct incentives for contributing efficiently to its preservation. Individual interest leads to overexploitation and degradation, or even destruction, of the commons. However, Hardin missed that point that some of these people may have an incentive to join forces for managing that commons (or part of it) together. Why this? Because they may be better off by joining their efforts in the group than standing alone. Finding a rational for this behavior is the very aim of coalition theory in economics. Why do people collaborate when they have no obligation for that? Conversely, is the all-together strategy necessarily doomed? Despite the fact that we all know that there is a problem, why can we not solve it together?
Climate governance is a natural application of this stream of literature. Firstly, there is no worldwide authority capable to enforce some policy that would be good for the whole. Secondly, even if there were some worldwide government, also some worldwide parliament and voting process would most probably be necessary. So, understanding the motives of each country for agreeing to some global climate governance rules is key. Consequently, and thirdly, identifying the very characteristics of each country and the role these characteristics play for explaining its position in the negotiation process may, help to design effective policy agreements for solving the climate problem.
The purpose of this paper is to show how coalitional theory helps answering these questions and to derive some insights for climate governance. For that purpose, instead of relying a purely theoretical discussion, we will make use of an applied integrated assessment model, the CLIMNEG World Simulation model (CWS model in the sequel) developed under the Belgian CLIMNEG research project. This model will allow us to numerically illustrate the concepts used in coalition theory and their usefulness for guiding climate governance.
The paper is organized as follows. In the following section, the tools to be used will be presented briefly: coalition theory and the CWS applied integrated assessment model. In both cases the basic concepts will be explained without any mathematical formalization and the emphasis will be on their economic interpretation and usefulness for climate governance. Then, two representative applications will be provided. In section 3 we first discuss the issue of stability and effectiveness of climate agreements, both in terms of climate and welfare. We do this by comparing the cooperative and non-cooperative theory of coalitions, two compelling streams in the economic theory literature today. In this section we also question the composition of coalitions. What favors agreement's stability: homogeneity (in terms of stage of development of the coalition members) or heterogeneity? Section 4 discusses the link between stability and the design of climate agreements. The first question is: should we seek for one single large agreement or for some smaller, but sufficiently numerous, fragmented agreements? Can we say something about that in terms of stability and, again, effectiveness?
The second question addressed is about exclusive membership vs. open membership: which rule favors stability? Is it always beneficial for a coalition to welcome new comers? For every issue the discussion will be made both theoretical and on the ground of numerical simulations made with the CWS integrated assessment model. Section 5 concludes.
Coalition formation theory and integrated assessment modeling: two complementary tools for climate governance
The methodological innovation of our approach is to combine both integrated assessment modeling and game theoretical arguments to answer the policy questions raised above. We first present the background concepts from coalition theory we will use. Then, the main characteristics of integrated assessment modeling are described.
Key background concepts from coalition theory
Game theory analyses choice behavior in settings where these choices are interdependent, i.e. the outcome of the strategic interaction for one particular subject depends on the strategy choices made by others subjects. A game consists of players (all countries in the World in the context of climate change), strategies (greenhouse gas emission levels and the decision to join or not international climate agreements limiting these emissions) and payoff functions (functions that predict the welfare level countries can achieve for given emission levels of their own and all other countries in the World).
Broadly speaking, two counteracting forces drive the payoff structures. On the one hand, forming larger coalitions leads to higher aggregate welfare. Given the particular nature of climate change damage functions and greenhouse gas emission reduction cost functions, coalitions could achieve jointly better outcomes than if its members were to act individually (provided outsiders to the coalition do not change their strategy choices). In game theory, this property is called superadditivity and it is this process that gives incentives to form larger coalitions 1 . On the other hand however, outsiders to a coalition benefit from the efforts made by coalition members. In transboundary pollution problems like global climate change, outsiders, i.e. non-members of an agreement, typically enjoy more benefits if they can free ride on the efforts of a big coalition compared to a small coalition. This property is called Positive Externalities to coalition formation (PEP in the sequel) and induces countries to free ride, especially if a big coalition is forming. The combination of both forces results in a tendency to cooperate for some countries but this collaboration usually falls short of the full cooperative potential that could be achieved if all countries were to participate.
Two categories of games are considered in the literature, namely cooperative and noncooperative ones. In either case the players are countries, each player's strategies are the values chosen for the economic decision variables (for instance investment in physical capital, emission abatement and adaptation efforts) and the players' payoffs are the countries' welfare level over their whole decision horizon. A family of strategies, one for each player, defines what we call a scenario. Among the many conceivable scenarios, we shall deal with (i) the Nash equilibrium scenario, (ii) scenarios of partial agreement Nash equilibrium with respect to given coalitions, and (iii) the Pareto efficient scenario.
Non-cooperative games are those that consider strategies enacted by individual players. The Nash equilibrium concept is the dominant solution concept in this setting. Cooperative games, by contrast, typically consider in addition the strategies chosen jointly by groups of players, usually called "coalitions", that is, subsets of players (including singletons and the grand coalition of all players). In either case the behavioral assumption is that the strategy chosen by individual players, as well as the strategies chosen by coalitions, results from payoff maximization between alternative options: the individual payoffs in the non-cooperative setting and the joint payoffs of the coalition members in the cooperative setting (this joint payoff being called the worth of the coalition). This illustrates the basic hypotheses of game theory: players are assumed to be rational (i.e. maximizing some objective function) and serving their own (in case of non-cooperative games) or group (in case of cooperative games) interest. By doing so, they compare the costs and the benefits of joining a coalition, where costs are emission abatement efforts, and benefits are a better climate and less climate change damages.
Stability concepts
First, the cooperative approach focuses on strategies chosen jointly by the members of the grand coalition, the set of all players. This scenario, and the grand coalition that generates it, are then said to be stable in the core sense if the scenario belongs to the core of a suitably defined cooperative game (see Chander and Tulkens 1995, 1997 for a precise definition of the gamma core in the context of environmental externalities), that is, if it is such that:
1. no individual player can reach a higher payoff by not adopting the strategy assigned to him in the efficient scenario and choosing instead the best individual strategy he could find if none of the other players form a coalition; this property is called individual rationality;
2. no subset of players can similarly do better for its members, that is, by rejecting the strategies assigned to them by the efficient scenario and adopting a group optimal strategy of their own assuming that all non-members play an individual Nash strategy against them; this property is called coalitional rationality.
Second, the non-cooperative approach considers some strategies and the resulting individual payoffs that can be reached by every player in that scenario according to whether he is inside or outside of the coalition. 2 Being inside means for the player to follow the strategy he is assigned to within the coalition he is a member of, whereas being outside means behaving as a singleton. The internal and external stability concept was introduced by d 'Aspremont et al. (1984) in the context of cartel formation in Industrial Organization and was later applied by Barrett (1994) and Carraro and Siniscalco (1993) in the context of International environmental agreements. A coalition and the Partial Agreement Nash Equilibrium 3 (PANE) scenario it generates are then said to be stable in the internal-external sense if the scenario is such that no insider prefers to stay out of the coalition (internal stability, denoted by IS) and no outsider prefers to join the coalition rather than stay aside (external stability, denoted by ES). The set of all internally and externally stable coalitions corresponds to all Nash equilibria of a simple announcement game in which players have to announce 'Yes' or 'No' and where a coalition is formed among all players that have announced 'Yes'. This announcement game is said to be an open membership game since players can join coalitions without explicit approval of fellow coalition members.
Predictions regarding stability of international climate agreements
It should be pointed out that these two approaches rest on different views regarding the behaviour of players and coalitions in light of defection of a coalition member. On the one hand, the core-stability approach assumes that, if one or several countries attempt to free-ride on an efficient agreement with transfers, the other countries do not cooperate among themselves any longer and cooperation unravels completely leading to the Nash noncooperative scenario. Clearly, this prospect of complete lack of cooperation constitutes an important threat for potential free riders. Put differently, the threat to revert to the noncooperative Nash equilibrium induces core stability.
In the internal-external stability approach, on the other hand, stability of an agreement within a coalition is obtained if no country attempts to free-ride on it, assuming that the other countries continue cooperating among themselves. Defection of a player from a coalition does not make the remaining players split up further. Therefore, potential defectors can benefit from the efforts of the remaining coalition members, even though the remaining players will 2 It is assumed that a player can only either join the coalition or remain alone. 3 A Partial Agreement Nash Equilibrium is a game theoretic concept describing which strategies will be chosen by all players when a coalition of players interacts with a set if non-members, see Chander and Tulkens (1995, 1997) .
re-optimize their economic strategies (i.e. their emission level) to take into account the new coalitional setting. It is clear that this assumption makes free riding a more attractive option compared to the assumption in the cooperative approach that coalitions dissolve after defection of one, or several, of its members.
Given the different assumptions behind both approaches, it should not come to a surprise that these two approaches lead to different conclusions. The main message of the cooperative approach is that the grand coalition can be stabilized (by appropriate transfers, see Chander and Tulkens 1995, 1997 and below) whereas the non-cooperative approach stresses that most likely, the grand coalition will not be able to generate enough surplus to compensate the free riding claim of all of its members (see for instance Barrett 1994, Carraro and Siniscalco 1993, or more recently Diamantoudi and Sartzetakis 2006). 4 
The need for appropriate transfer schemes
In the context of the cooperative approach, transfers schemes were proposed by Chander and Tulkens (1995, 1997) for the standard game with multilateral externalities used to deal with international environmental agreements. Chander and Tulkens proved that appropriate transfers can induce the core stability property. These transfers guarantee that each player receives a payoff at least equal to what it is in case of no cooperation, and it divides the surplus of cooperation over non-cooperation according to some pre-determined weights. In the multilateral environmental model, the weight of each player is given by its share in marginal climate change damage costs.
The non-cooperative approach proposes no specific transfer formula but introduces instead the notion of potentially internally stable coalitions, see Eyckmans and Finus (2004) . A coalition is potentially internally stable (PIS) if it guarantees to all its members at least their free-rider payoff. For a given coalition, the free-rider payoff of any of its members is the payoff the member would obtain in the PANE scenario w.r.t. that coalition if it would stay out and behave as a singleton in the face of that coalition. The free rider pay off assumes that if a player defects from a coalition, the remaining players will continue to cooperate, though after re-optimizing their economic strategies in function of the new coalitional setting.
The free rider payoff of a player vis-à-vis some coalition may be seen as the minimum payoff that player requires to remain a member of the coalition. Coalitions whose worth under their PANE is large enough to meet this requirement for all their members can thus be potentially stabilized, at least internally. Eyckmans and Finus (2004) showed also that using this type of transfer schemes makes it possible to stabilize, both internally and externally, the coalition that generates the highest global welfare among all PIS coalitions. Hence, adopting transfers of the Eyckmans-Finus type allows one to achieve the best possible global welfare as a PANE, constrained by the requirement of internal and external stability. 4 It should be noted that successful attempts were made to reconcile both approaches. For instance, Chander (2006) shows that core stability is consistent with internal and external stability if one assumes "farsighted", i.e. a more sophisticated notion of rationality, behavior by the players. In particular, in the farsighted approach, players are assumed to anticipate further deviations by other coalition members when assessing the benefits of defecting from a coalition.
One may wonder what these transfers represent, in practice. Actually, in such a generic framework they only represent abstract wealth transfers. In practice, one should specify the transfer mechanisms, i.e. the policy instruments leading to wealth transfers. Any policy instrument yielding wealth transfers among countries could be identified as such. Some examples are endowments of emission permits in an international system of tradable pollution licences, technological transfers, or an international carbon tax with redistribution of the revenues.
Integrated Assessment Modeling: the CWS model
Our integrated assessment model, named CWS (CLIMNEG World Simulation model), resembles closely the original RICE model by Nordhaus and Yang (1996) or variations on it as in Eyckmans and Tulkens (2003) or Yang (2008) . 5 The model is worldwide and distinguishes 6 regions or countries (USA, EU, China, Japan, Former Soviet Union and Rest of the World). 6 An essential characteristic of an IA model is that it contains an endogenous feedback between economic decision variables like emission levels and the rate of capital accumulation and ensuing changes in the global climate system leading to climate change damages that decrease consumption possibilities. This is illustrated in Figure 1 . The block on the left contains the economy module which consists of a description of the physical production process, climate change damages, emission reduction costs, capital accumulation process and a material balance equation linking these different concepts. The block on the right hand sides describes the carbon cycle and temperature change module. Basically, this block translates all individual countries' emissions of greenhouse gases into changes in atmospheric carbon concentration and ultimately changes in global mean temperature. This change in temperature feeds back into the economy module via the climate change damage function.
While choosing climate policy actions, countries' policy makers weigh the benefits (avoided future climate change damages) and costs (costs of re-orientating their economies towards lower carbon emissions level). While speaking about welfare, we will refer to some notion of Green National Product that takes into account both climate change damages and emission reduction costs. More precisely, welfare in a country is given by the stream of discounted consumption net of damage and mitigation costs. In every region and time period, the budget constraint holds, i.e. consumption equals production minus investment minus abatement costs minus climate change damages. Because climate change has long-term impacts the time horizon considered in the model is 300 years.
Production is assumed a function of labor and capital. Total factor productivity increases exogenously over time and capital accumulation is endogenous in the model. Production causes emissions of greenhouse gases according to an exogenous intensity parameter. Still, emissions can be reduced by means of some specific measures, like replacing a coal fired power plant by renewable energy sources, investment in more fuel efficient cars or energy demand management, what is called emission abatement in the model. The abatement costs are increasing with the emission reduction rate. Emission abatement cost functions are relatively well-known and easy to estimate (see Chapter 11 in the IPCC (2007) Working Group III Report for a recent overview on cost estimates). We use cost estimates taken from the RICE model by Nordhaus and Yang (1996) .
Figure 1: Overview of the CWS integrated assessment model
Emissions of greenhouse gases accumulate in the atmosphere, thereby disturbing the global carbon cycle and causing ultimately climate change. The physical processes are captured by a simplified carbon cycle and climate model. Temperature change has a variety of physical impacts, among which sea level rise, changes in precipitation patterns and extreme weather events. The economic valuation of the damages caused by these impacts is summarized in a damage function. This function represents the loss due to some temperature increase expressed in terms of GDP. Estimating damage functions is a quite tricky task (see for instance the Stern Review (2006) or IPCC (2007) Working Group II Report), but necessary to implement integrated assessment. First, physical impacts must be estimated, and several studies are now available on that. Second, damages must be evaluated in monetary terms, including non-market damage like biodiversity losses and changes in living amenities. This remains quite challenging, for no market prices are available for their valuation. Further, weighting costs and benefits requires normative judgments regarding intergenerational justice and intragenerational justice (i.e. weighing costs and benefits accruing to different generations over time or to citizens that differ strongly in wealth position within one particular generation).
We can now turn to two applications. These applications provide a good illustration of the kind of lessons that can be drawn for climate governance.
Stability and efficiency of climate agreements: two compelling objectives?
The purpose in this first application is to shed some light on the properties of potential coalitions in three respects: stability, climate performance and global welfare. 7 By doing so we make use of the two theoretical strands mentioned in Section 2. Assessing the properties of alternative climate coalitions in a concrete numerical context gives a powerful justification for recommendations as to the size and nature (homogeneity vs. heterogeneity) of possible climate coalitions. Moreover, by showing explicitly which transfers among countries are appropriate to stabilize efficient coalitions, we also identify wider room for negotiation. It is important to keep in mind that, in the following numerical simulations, the agreements are supposed to hold forever. 8 
Stability analysis of climate agreements
Given the six regions identified in the CWS model, 63 coalitions can possibly form, for each of which we compute the worth at a Partial Agreement Nash Equilibrium (PANE) of the model.
Focusing first on the cooperative approach it appears that, without transfers, the Pareto solution, which needs the grand coalition to be achieved, is not core-stable: 18 smaller coalitions (out of 63) can improve upon it. Still, the grand coalition can be stabilized with adequate transfers among countries. 9 This first result is especially important, as it confirms the possibility of achieving core stability of the world efficient allocation, thanks to adequate transfers.
As far as the non-cooperative approach is considered, the results can be summarized as follows. Without transfers the following appears: (i) few coalitions are internally stable (7, out of 57, i.e. excluding singletons) and the grand coalition, in particular, does not pass it; (ii) only one coalition is both internally and externally stable, the USA + EU. Complementary to the IS and ES tests, the PIS test is one that implicitly refers to transfers within the coalitions, with the purpose of inducing internal stability. With transfers among countries, applying the PIS concept leads to the following outcomes: (i) the grand coalition does not pass the test; (ii) 4 five-country coalitions and 5 four-country coalitions do not pass the test, whereas 1 fivecountry and all other coalitions of four countries or less do pass it.
Summarizing, the numerical results obtained with the CWS model confirm the theoretical insights put forward by Chander and Tulkens (1995, 1997) for the cooperative approach: appropriate transfers are capable of stabilizing the grand coalition in the sense of the core; and the results by Barrett (1994) and Carraro and Siniscalco (1993) for the non-cooperative approach: very few coalitions are stable in the internal -external sense. 7 For the complete analysis, see Bréchet, Gerard and Tulkens (2007).
Stability and environmental performance
Can some policy implications be derived from the above stability discussion and simulation results? In particular, how important are the coalitional stability properties we have identified? Should they serve as an argument to support or advocate specific structures for climatic international agreements such as small coalitions rather than large ones, or homogeneous rather than heterogeneous ones? To answer these questions, we consider two criteria measuring the global outcome resulting from an agreement:
• the aggregate welfare level reached at the world level,
• the environmental performance achieved, expressed by atmospheric carbon concentration (in year 2200).
The results for some representative coalitions are gathered in Table 1 . Environmental and welfare performance are measured by so-called "closing the gap" indices that assign value 0 to the non-cooperative Nash scenario and value 100% to the cooperative (i.e. the grand coalition) PARETO scenario. The first striking result from Table 1 is that the Kyoto agreement, characterised by Annex B commitment, is quite close to the non-cooperative NASH situation, both is term of welfare and climate. This agreement has virtually no positive effects. This result is even reinforced when considering the Annex B without the USA. The second result is that some coalitions are rather close to the PARETO situation. Interestingly, withdrawing the EU from the Grand Coalition makes it potentially internally stable with very goods records regarding welfare (92% of PARETO is achieved). Substituting the EU by Japan ranks even higher (97% of PARETO), but this coalition cannot be stabilized. If one is interested in small coalitions, an example is the one formed by China and the USA: it can be stabilized, but its performance is rather low. Other examples of this type may be provided.
Clearly, accepting or recommending small coalitions because of their potential internal stability virtues entails a loss on both counts that striving for an efficient and core stable alternative could avoid. Internal stability per se thus appears to be a weakly desirable objective. What matters is the effectiveness of the agreement, and effectiveness sharply increases with coalition size and/or composition, for countries are not symmetric. The rational behind this result is that the larger the coalition, the stronger the internalization of the climate externality. But on the other hand, including large emitters provides the coalition with strong climate benefits. 
Should coalitions be homogeneous?
A common argument in the climate policy debate is that developed countries should engage themselves first, after what developing countries would be invited to join the agreement and participate to the mitigation of global warming. Although this argument seems reasonable on the basis of historical responsibilities 10 , one may question its effectiveness. We can analyze how the composition of a coalition, that is, its degree of homogeneity (which is to be defined), affects its stability. The regions/countries considered in the CWS model can be split into two categories:
• on the one hand, developed-Annex B countries (USA, EU and JPN), with high per capita emissions and GDP level, steep emission abatement cost and climate change damage functions; • on the other hand, developing-non-Annex B countries (CHN and ROW), with low per capita emissions and GDP level, relatively flat abatement cost functions and relatively low valuation of climate change damages.
In what follows, a homogeneous coalition will designate a coalition formed by countries from a single category. Conversely, a heterogeneous coalition will designate a coalition formed by countries coming from the two categories. A special case is the FSU as it displays the characteristics of both a developed country (high emissions per capita) and a developing one (low cost abatement opportunities, low GDP per capita). According to these definitions, the 57 possible coalitions (i.e. excluding singletons) can be organized into 42 heterogeneous coalitions and 15 homogeneous ones.
The question we can now address is the following: is there any relation between the composition of a coalition and its stability? Computing the CWS model reveals the following.
Without transfers, all the 4 homogeneous coalitions involving FSU and developing-nonAnnex B countries are internally stable, and the coalition USA + EU is both internally and externally stable. So homogeneity seems good for stability. On the other hand, none of the coalitions involving at least one of the two main polluters of each category (that is, USA or EU, on the one hand, and CHN or ROW on the other hand) is internally stable. Integrating a major polluter to an agreement seems detrimental to its stability. Finally, in the same spirit, the largest heterogeneous coalition, which is the grand coalition, is not core-stable without transfers, with four more blocking coalitions. Intuitively, the reason for instability of coalitions involving high marginal climate change damage and low marginal abatement cost players is clear. The high marginal climate change damage coalition members (for instance EU) ask for important emission reduction commitments of the coalition but most of the emission reduction burden falls on the low marginal abatement cost coalition members (for instance China) in a cost efficient PANE. Without compensation, the additional abatement costs outweigh the reduction in climate change damages for the low marginal cost countries, hence they are bound to lose from coalition membership compared to nonparticipation.
When the possibility of transfers is introduced, stability appears also to be enhanced by homogeneity. All homogenous coalitions are potentially internally stable. 11 Furthermore, the Annex B coalition turns out to be more stable than the "Annex B without the USA'' coalition. 12 Paradoxically, this latter coalition does not satisfy the external stability property: the CWS model suggests that the United States would be better off by coming back to the Annex B coalition. Out of the 42 possible heterogeneous coalitions, 11 are not stable in the PIS sense. Indeed, no four-country, or more, coalitions involving simultaneously the USA and the EU and at least one non-Annex B countries pass the PIS test.
The homogeneity vs heterogeneity debate can also be analyzed by looking at Table 1 above. One can see that the best (in terms of global welfare) homogeneous coalition (CHN + FSU + ROW) leads to far lower global welfare and far higher carbon concentrations than both the best heterogeneous coalition (the grand coalition) and the best heterogeneous coalition satisfying the PIS property (USA + JPN + CHN + FSU + ROW). As a consequence, promoting homogeneous coalitions may lead to very low mitigation policies at the world level, unable to tackle climate change issue as heterogeneous (larger) coalitions could do. Intuitively, appropriately designed transfers are able to overcome the participation problem that we sketched higher for the no transfer case. Combining high marginal climate change damage countries with low marginal abatement cost countries leads to ambitious coalitional emission abatement targets and potential imbalances of costs and damages for individual coalition members can be mitigated by means of appropriate transfers.
As a conclusion, there seems to be a trade-off between stability and environmental effectiveness. Homogeneity in climate coalitions fosters stability but is detrimental to climate effectiveness. Heterogeneity in cost and damage structures leads to more ambitious abatement targets but requires substantial redistribution of the surplus to keep all countries on board in the climate agreement boat.
Stability and institutional design of climate agreements
Besides the crucial importance of transfers to sustain stable climate agreements, economists have also pointed out the importance of more specific design features of global climate agreements. Several institutional aspects have been investigated in this respect in the literature, but we focus only on two of them: firstly, the question whether one broad agreement (single coalition agreement) is better than several smaller agreements (multiple coalitions agreement), and secondly, the question whether external stability can be promoted by making accession of newcomers conditional on approval by existing coalition members (open versus exclusive membership).
Single vs. fragmented climate agreements
The first question is of major importance for climate governance. Should one strive for one broad single agreement signed by as many countries as possible, or should one allow that several small agreements coexist? We will not enter the debate on the legal status of such subagreements in relation to the existing UNFCCC legal framework. 13 Instead, we will focus on the impact of stable coalitions when allowing for multiple coalitional agreements on their size and their environmental and welfare performance.
At first sight one might argue that it is better to have one single large agreement instead of several small agreements coexisting, based upon arguments of economies of scale. In many economic production processes, average unit costs of production decrease for bigger production volumes generating so-called economies of scale. The intuition behind this observation is that fixed costs, i.e. costs that are independent of the scale of production, are preferably spread out over larger instead of smaller production volumes. Likewise, one might argue that one big climate agreement is to be preferred over a collection of small ones because it allows for cost savings, for instance in the degree to which the externality is internalized or in the set up and practical operation of a system of tradable emission permits. In addition, a broad agreement is to be preferred also if carbon leakage, i.e. the phenomenon that CO 2 intensive industries would relocate to regions with loose environmental regulation, is a serious concern, see Victor (2007) .
Although there are surely some aspects of scale related to climate agreements, one should also take into account strategic issues, i.e. the stability and level of commitment of coalitions. Carraro (2007) uses game theoretical arguments to make a case for a bottom up approach to the formation of new climate agreements. Eyckmans and Finus (2006a, b), using numerical simulation results from CWS, demonstrated that multiple coalition structures can emerge as internally and externally stable equilibria and can lead to higher welfare levels than some single coalition agreements. Table 2 (based upon Table 2 in Eyckmans and Finus, 2006b), shows stable coalition structures for a variety of agreement architectures. Without transfers, the results are basically the same: open membership games, be it single or multicoalitional, do not lead to stable climate agreements. Heterogeneity among regions is simply too strong to overcome conflicting incentives. However, it appears that more coalitions are stable and they lead to better welfare and ecological performances, in the multiple coalition setting compared to the single coalition setting without transfers. For instance, we observe that coalition structure ({USA, JPN}, {EU, ROW}, {CHN}, {FSU}) consisting of two couples, performs better than any single coalition structure with Exclusive Membership Majority Voting framework (see below). Basically, allowing for more flexibility in coalition formation increases the chances of building stable agreements.
These results are also in line with the argument put forward by Barrett (1994) that there is often a trade-off in international environmental agreements. Either one observes agreements with many members but with little more commitment than in the plain non-cooperative Nash equilibrium. Or one observes small stable agreements with substantial commitment to reduce emissions but since they participants constitute only a small part of the total number of polluters, global environmental quality is not enhanced significantly either. These results show that (i) allowing for flexibility in coalition formation might lead to more participants in stable coalition structures, (ii) these multi-coalition structures might lead to substantial improvement of global environmental quality. In practice, multi-coalitional agreements can also be thought of as agreements that allow for heterogeneity in commitments by the participants. As in the 1997 Kyoto Protocol, one could perfectly allow for differentiated commitments among for instance developing countries and industrialized countries under the common umbrella of for instance the UNFCCC.
4.2
Is everybody welcome to join the climate club?
Concerning the second question, it is easy to see that the problem of external stability, i.e. outsiders wanting to join an existing agreement and thereby upsetting the internal stability of the agreement, can be mitigated to some extent by making accession of newcomers conditional on approval of existing coalition members. Games in which no approval for approval of newcomers is required are called open membership games. On the contrary, exclusive membership games require some form of approval, though there is a large variety in the degree of consensus required, for instance majority versus unanimity voting procedures. Important from a conceptual point of view is that the generally held belief that unconditional accession of newcomers promotes cooperation might prove to be false if one accounts for coalitional stability considerations. Requiring that newcomers can join a coalition only of a 50% majority of existing members agrees to it (i.e. is better off in welfare terms after accession of the newcomer) leads to several stable coalition structures (both single and multi-coalitional), some of which are able to close the gap between cooperation and noncooperation by more than half. The even stricter accession requirement that all existing members have to agree (unanimity voting, UV) leads to additional stable coalitions and better environmental and welfare performances.
Practically speaking, exclusive membership is widely used in many international cooperative structures. For instance in NATO and in the EU, new members can only join after a formal approval procedure in which existing members can have their say on the accession. Again, this simple modification of agreement architecture, which at first sight would hamper accession of newcomers unnecessarily, might in the end lead to broader and more effective global climate agreements.
Conclusion
In this paper we have combined results from game theory and an integrated assessment climate-economy model to derive conclusions for global climate governance. We have pointed out that agreements that bring together countries with similar emission reduction costs and climate change damage characteristics, i.e. homogeneous agreements, tend to be more stable than heterogeneous agreements. However, heterogeneous agreements have a tendency to aim for more ambitious greenhouse gas emission reduction targets. We showed that appropriately designed transfer schemes can stabilize such ambitious heterogeneous climate agreements, both in the cooperative and non-cooperative game theory frameworks. Crucial for the transfer schemes is that they should be designed in the first place to limit free riding behavior. We also showed that small institutional changes of climate agreements can have important stability implications. For instance, allowing for a multitude of small fragmented agreements can yield better global welfare and environmental results compared to a situation in which we would limit cooperation to big unique agreements only. Finally, making membership to international climate agreements exclusive, i.e. conditional upon consent of the other members can foster instead of hamper stability of a future climate agreement.
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